Abstract. Particularly in summer, thermal conditions in urban areas are influenced by solar radiation and human health can be strongly affected by the higher temperature regime increased by the Urban Heat Island effect (UHI). Many studies have been carried out to estimate the temperature distribution in urban areas and some of these use or are based on data collected by meteorological instruments placed within the cities. At microscale, temperature collected by sensors can be influenced by the underlying surface characteristics and the closeness to warm surfaces. The aim of this study is to investigate how different exposure to solar radiation can affect air temperature measurement in streets and gardens. The study was carried out on two different areas in Florence during summer 2007. Shielded air temperature sensors were placed in a street of a high density built-up area and in a green area. Each area was monitored by two sensors, sited in different solar radiation exposure: one in a sunny area and the other in a shaded one. A preliminary data analysis showed a difference in every site between the air temperature values collected by the two sensors especially from the morning to the afternoon. The relationship between air temperature differences and synoptic meteorological conditions were also analyzed. In conclusion, the solar radiation exposure of a monitoring station is an important parameter that must be considered both during the instruments siting and the analysis of data collected by sensors previously placed. The result of this study shows that during particular synoptic conditions, data collected by the two sensors of the same area can be different.
Introduction
In Italy, the rise in air temperature values as a consequence of Global Warming and Climate Change is very important: in fact, during Summer the higher values of air temperature can have some important consequences in terms of human health (Conti et al., 2005) especially in urban areas for the Urban Heat Island effect (Beuchley et al., 1972) . Air temperature is the most important variable studied in biometeorology, in fact in the literature it is easy to find many studies on the relationship between air temperature and human health (Ballaster et al., 1997; Morabito et al., 2005) , and in Florence it was found that during Summer the number of Emergency Calls (Petralli et al., 2005) and of hospital admission of Florence citizens and also of tourists rises on days with higher Correspondence to: M. Petralli (martina.petralli@unifi.it) values of air temperature (Morabito et al., 2004) . Air temperature distribution within a city is often studied using a network of air temperature instruments. The aim of this study is to investigate how different exposure to solar radiation can affect air temperature measurement in streets and gardens.
Materials and method
This study was made in Florence, a very important city for history and tourism, located in the centre of Italy. The climate is continental, with dry summer and winter and rainy spring and autumn. The study was carried out on two different areas of Florence: air temperature sensors (HOBO ® PRO series Temp/RH Data Logger) with solar radiation shields (RS1-HOBO ® PRO accessories) were placed in a street with high density of buildings and in an urban park located near the first placement (the distance was about 1 km). In each study area, two air temperature sensors were placed at the standard height of 2 m above ground level (Egan and Baldelli, 2008): one in a sunny area and the other in a shaded one. In both cases (street and park) the distance between the sensors was about 60 m. The temperature gradient in an urban environment could be very large even in a so little distance, but this is not the case because in the park surfaces were more thermally homogeneous and in the street both sensors were placed in the same parking lot, with the same type of surfaces and distance from the buildings on the surroundings. Hourly data were collected by each sensor and were analyzed firstly to calculate daily maximum, minimum and average temperature and then to see the hourly differences between the stations. Air temperature differences between the two stations were analyzed with the compare mean test. The relationship between air temperature differences and synoptic meteorological conditions (solar radiation and wind speed) were also analyzed with the P product correlation using SPSS 11.5 (Statistical Package for Social Sciences, © SPSS Inc., USA).
Results
As a first data analysis, the differences between the daily maximum, minimum and average values of the sunny and the shaded sensors of each area were compared. In the whole Summer period, the minimum air temperature values varied between 12.7 and 21.9
• C in the park and between 14.0 and 23.1
• C in the street. The average air temperature varied between 16.8 and 28.2
• C in the park and 17.6 and 29.9
• C in the street and maximum air temperature varied between 19.3 and 38.3
• C in the urban park and between 20 to 38.6
• C in the built up area (Table 1 ). The differences between data collected in the sunny area or in the shaded one were approximately the same for minimum and average air temperature in both areas while maximum air temperature values in the sunny area were higher both in the street (Fig. 1a) and in the park (Fig. 1b) . The average difference in maximum air temperature was about 1
• C and, in some days, it reached values of 1.6
• C. The hourly trend of a typical sunny day in Florence was then analyzed (Fig. 2a) . The hourly trend was different in the sunny and in the shaded sensors, in fact between 6 (that is near the sunrise) to 17, the sunny sensor registered higher values than the shaded sensors. The mean hourly difference of air temperature between sun and shade of the whole period was also analyzed, taking into account the threshold of the accuracy of the sensors used (for the Hobo Pro is 0.2 • C). As data were collected by two different sensors, the threshold of the error must be added and reached 0.4
• C. The difference between the air temperature values collected by the two sensors were higher than the threshold of the error from 8 to 15 (Fig. 2b) . This was also validated by the compare mean test that confirmed that the difference in those hours was significantly different from 0 (data not shown).
The correlation values between the weather variables and the differences collected in the built up area and in the urban park are shown in Table 2 : significant differences of air temperature between sun and shade were then correlated to solar radiation and wind speed. The higher correlations were between the air temperature difference and solar radiation both in the urban area and in the park. As expected, the correlation with the wind speed was negative, as with increasing wind speed the differences between air temperature values collected by the two sensors decreased. The correlation with the wind speed is significant only in few cases and, in any case, with lower values than solar radiation.
Linear regression was then applied to estimate the hourly difference in temperature between the stations using hourly values of solar radiation, mean wind speed and temperature. The relationship between the air temperature difference in sun and shade and the air temperature value of the sunny station was finally tested (Table 3) : the correlation is statistically significant, but with lower values than solar radiation during the morning hours, while it has a higher significance after 13, especially in the built-up area. The linear regression correction was then applied to the sunny data and the differences with the shaded values were then calculated (Fig. 3) . The wind model is the worst and the solar radiation is the best both in street and park. 
Conclusions
The solar radiation exposure of a shielded naturally ventilated air temperature sensor is a very important parameter that must be considered both during the siting of the instruments and the analysis of data collected by sensors previously placed. The hourly difference between data collected in the same area by sensors placed in a sunny area or in a shaded one can reach 1.6
• C, both in a built up area and in an urban park and this difference is higher than the accuracy of the instrument from the Sunrise to 15. With regard to daily values, the difference between maximum air temperatures was higher than the accuracy of the instrument, but the correlation was too weak to apply a correction.
